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IKI'jxOrSJCTIOl 
fli® tli©©r#®s «ad basie djimmlcal. ©faatloas 
governing Ml© f%m' &t liquids in psip©ms hmirm b^mi ciis-
mmmd and #xpi*«a.s#4» fo- aeive 
r«iafrioiis Im-tmmn Wm smlntmrn eoat#at,. per^abillty.,. and tti# 
tmm #ii@i»gf ©f tiie liqiiid »0'fe bt «x:p©rii»iitallj-
aa.€ axpiP#ss«A tttialffeleallf» fii# dlffftyentlal aqmtions 
•arising frmi. t&# ua% ia tlit ba-sio dqmtions 
Mtomild l3« aotved. and fcMlr oonstants ^v&iasted If ths r@-
siil-t# obtatatd »« to toe applltd fco th# atasyoma general 
fl#* p»bl9as wlilsli «xis't'* 
In this tbesls thB aiacposcople ¥#lecitf ©f fch® water 
flowing tbs s©ll is «s«a#d tu im pmpQTti.mm.l t<* 
tti» liquid awing Bii# limits, tii@ stttdy to flow at 
Mw ¥«l©©itl®S|f bmt Sm stli »€ e-ltty soils tto.« laaxlaiaa 
velocities ©f fl©* 11©. w#ll *ltMn tli« pasga wMeli satisfies 
tills Falatioa.# 
f l tm Wxm preporfclonality factors,, called 
tai.e Um and tb.® f«»« field, 
toa?a l>©@n «x|)o.riiaeatally 48t«»lii®d. #v®r m paag® ©f soil 
aoister® eonfceots vmrjiag fr« nsmp satamtlm feo fl«M 
•eapaeity tmr Uxmm prmli»i@ •soils, f»o of tb@8s st?aclles Mv« 
to@ea mci# ©a s<3il# bairlag aatural fisld 8trti©tur«. as well as 
oii soils witti clls.twbQd Ss® -mrvmrn I'elmtlag tti#a© 
dmta lav# b#®s o.xp»as#<l. &n&lfttcmlly» Using tljass taprasslom 
la wMeii tiis ,psmoaliilitf 1 fe&s b«« ©xpi^sss4 a# & fnacticm 
©f th« eapillary potsiitla-X sP # sqaatioa ©f fcii# co»fciTOl%f 
1ms "mmxi soitad foy mtmdj atats flow foi* radial as wsll as 
lliiSAr eonditlons* Ttm c\kT%m sliowlng th® mrlatlcm fcli# 
eApllla:py potential Np as & ftirieti©n of fcti# -Jlstaae# a 
glwa r#glon h&wm l»#ii, plotted aa^ tlx® qmafcttj ©f water flow* 
iag into or oat of tl» .aystta, Osttrainsd# 
fh® eternug® ia %1m s«femm%#€ 'p@m«ability with tl»@ teas 
to®«m mtudlad foip solls^, m.& ma. mttsupt i*^a@ to- ©eri«lftt# 
th# Srifo«aa%l©a ti»as s«emy«4 with tt.® data •©lj'bmi,a@d fell# 


























































































































































































Has law of sotioa mat »1»© "bm- la any atudy 
©f fluid fio*# . Si® foi*e«a ^F0i».eisg t!j« siotliiii are 
- p  '^ p 2Jp 
©lassifi®4 t. Cl.) p^«.s«p« j^&dieats: 
C2) ttia bo-dy ..foreas ,smoli «# gmvity aad iS| -tlw frietiona.! 
®r vlseotts foTO«« 0ppos±jig tts# fluM is©tlo»»- g@ae«l 
Stofes lairS.«F ^m.tl©mji *hereia -ttteaa for©## &mA th® la-
f&rees ftetlng mvm relat«dj, is €ori¥#<l i» oil 
liyil3?o%iia.Hiles C30|* It is gen^r&My st»t«d ia ttm tom^. 
f- is .  t  i  f ^ y 0}  
dt" S 
whtrt 'B- is fell# lls«mr v#3,6eity at tk® poiat,. p fci» pmssmrsi,. 
wid jj tti© eeaffleitnfc of ¥tdc#sity:». 
Ih© St©M«i. iitvler %ttatl©a is dlffie-alfc fe© solw s-ven 
for trmm Bp&m» fba flow #f porous »dla 
«iat aatlsfy this ©qmtion, ffe® eonatatatS: aMslag i«ist; "fc# 
©Taliiated using tti© liapemeatole ^tmnO&rj -eendifcloii^ wJaleli 
mm iBmr&llj lad©s©i'lbal>l.« taas6yt#d hQtemg&m&nm 
material# Att®®pta t© »9%v^ tM# aquatiuii for tli® g«»#ral 
/flow pjpoblaa in. psro^s m#di* li«v» -unsucce#sf\il», St&tes 
(31) sol¥Scl #s|mtt«s (51 for sl©« st«&dj soti^a df a 
spli«r© ma iae©iiti»«»sibl® fluid of iafiaita 
t@iat and. fomd th» tQwm W on, t&e aphera In tti® dlr##.Moa 
®f t© b& pmp0S'timsLl. te ths vel^eity*. Fdia#ttill© 
md@ m«© of til® dBfiaitioa of ylac^sity aa€ d&riw&d fcto.# 
®qtiati;oti f©r tai® fluid Q, flowing throng m 
el2*©ulai» oapillary ttibe p®i» aseend*. 1@ femail 
Q _  _  c C  C  1 ? | 6 |  
r r i . ^ ~  y  T  
; wkem a Is tim fadiua of fcti® 1 its l«ngtlig,, 
i %im 4S.timmm.Qm In. prnmB^m 'timtmmmn the two eiius ©f %im 
' aa«i|J Uim viae««itjr#. fMs station b&s b#«ii wrified dxperl-, 
; feip low f®loeitl#s, b«fc <a»vla"6®a rapltfly wh®n « rat# 
; is j»#&el3.«d wke-BS e<idl«s mmlop*. Ssinolcls CBS) stie*#ci that 
Polsemill®*a 3.a« li^ld if <zooo wl»p« d is %hm iai»fc«^ 
; #f i e tuba,. T iaa.® avera.fe vel-oeltj &aii ^ the 
I 
II la 1850 imrey 110) 4lscov«r«d « law analogms to 
Pois®ulll#'*» f6:r tli© flow #f flmtds la saaas,' • Be- wrots 
"'w. |ii # %) £#|? fell© ci&wii»affd flow ©f watey *li«» ¥ is Si© 
r"' (—~}. 
aaor-eaeepie 'r«l#el"fc5'^ - E #!©•'p33:^.n0aMlity 0©#ffi6l©iit, to, fcli# 
©f , tli# water coluran abov» of 1^# pOTOaa »«dliW|,^ 
,  mif l  «  th» tM.eka»m» &f tis# peyens asdtaii.# 
^ i Qmr^Br (17) hmm @hm& tlMt Mw mmj Iw writt®B 
1  v =  V^) (7)  
Slnm Uim. fopee mt gmvitAti&m is ©onsai'mtiWjj tlis gmvi.» 
t&tlm&l £%mM istm.sity g. » yj> Mw mmj b« 
stated ^ ^ - Kf Cy^ ^ 
^ whmm 1? Is Um ef ti» pfesstiM* 
f ffc# pemsaMiitf 1 m dmflmd abov® Is 4®p#aci#iifc upon 
[the ta.parata« and th. Mna of fluid tt»,d to study. 
Wyetoff mud |44) stioweci tiat tti® eenstant 1 is g#t 
—«> sqttsl t© ^ tli» pemeaMlity eeaft&iit fc i« elia»ct®rlstl@ 
of tfea HQi-l-oa elmda.®#* B»aa tti« valia® k maj hm ©btaiiicd 
f©r satmya%«d flow iislag any flaiii wiiieli 'd©e» not fisimag# 
f asditm oif tim elaamct©rlsti.®s. 6f th® fs^r® sp&e@» •• 
tmQm' 
tempts b&m b®sii aad® to svalmt® tlisoreti-
saH.!- til# p«ia«ftMlity eoast&nt k# , 09) analyi#d 
the flow iii the IndiYldual p©r«t of an aasaably of iiiiifofii 
sphmres and eomputed k t)f vmmm Qf Foismilll#*# l«tf, modi­
fied 00 fts ts -tMim ia%o aeeoiiat tli# d#tailed -slm|5« and 
l®ngt4i @f tlaa pej*»a* SMsn. .and Ampt (19) fuFtlss-f st»dl#4 
tbe pmmaa of pm-eking &n4 mMuX&t&d t'a® p9»o-ftbillty t# 
to® @xp®-^et«d trm Mttmmmt densities of ideal #oil eompostd 
of splier®# of alss-.» fhtj @'spmr-imimtM.Xlj d^teimlnQd that 
thm peiwabilitj did not wi©t tlieir th©0«tieal vain#. 
Barey's was dl)%ainad as a -snerallaation 
:' f 1*011 expsrlmaat#.* It himm l->aan o'otalnsd from a solution 
, th« g«a@i»ttl ©fiiattoB ©f hf#i*©%iiaiaie0 proper bouaciarj 
ie-oiiciitloua ar® -us-ad* As It Is anttlogoug to fQ±amxiH&*s 
I&*, thm i?«gl©ii of veloeiti## for wliicii it is ^mlid shouia. 
'ba lavestigftt«d# A mimmmrj #f th« 'aftta fcsi' tli« p«i?ia«mbilitf 
©f sand and othm sat#i»l.al:s fey FanfelwPg. fewls,.. and Bamaa CM) 
: shows that f » 1. A-p tiGlcia « wld© raag# of velocitl®## 
tJiltig tti« «Qiimtl©»s tli«y €#j?i.v© tm sell eoiaposdd of silts 
of »0E mm mlfora ife csa Ij# sboma tfc&t Darej*s 
l^w lioida ttp t« a mereseeplc vslo-eity of fi/10 em saeond* 
lost ai»«ia»sloas and txperiasnto hav« b©@ii 
m-A& msiag linear flow# Ses#ay C^J demonstrntad ©xperl-
i3#ntally tli« st»a« llnm tlie tlm of mtsr into a 
a ®it»#ular w«H feoa as iaflalte liii« aow-o« at milfom 
^mmurn &m in cQaisletii ag»«ar«nt with the tti«oi»8tlemlij 
#btala©€ iisittg ^rey'*» Mm mm m basis for tbeir eal<5-a« 
' lli-gkat C27) stat#« ooatplete mgrseMat nay 
w^tX be cmialoBr&d a» a strong ©onfinsatlon Iterey*®- Isw 
fof tli» gsas-yal flow syst#tas In which tM fluid action amy 
liftir® coapoaaats mt motion along tiia» e&flaslaii 
bmIB 
®ie w&t^r ia fch© inters fciees of a.ii iiasafcmmtQ^ p^rmm 
atdJTxs 1ms a definite emfijiratioB. ter any rtolatwre eontftiit 
aad tljls configuration eliangeg wltii fcl»^ dfl.e?'## ot «at«mtion 
O'f tlie-'a@dlma (2&f Bl, 41,. 4S),#. T}m «.xlat@ae« of solid 
liquid Infc^rfacea, liquid-gas Ittterfitees, and , pa-sell€ 
lii%#.rfae«,s la iiRsafciamt#€ medlmis msk«a tb® fclieorstleal 
study of til® f'l0* of wmtmr in tbmm mxtrmm-lj- MttteuXbm 
Set only ^dom %b0 wmt^r fl©* ia 'tlie Hqtili f&rm, "but it flow 
ia the w&por state aa well#: OaplilRry mtmm fc® 
tlj« llqttid flow in. nassterafcea a«di««s, ana. ¥apor psKasaMli* 
ty -fefsrs. to iti.®- ¥«.p.or flow ia T«isatttmt©4 
Ada® -11} and llelm.rd» |SS| baw dlseiiss@d tim fr«# 
relatioas fespettsitole for ttm flaw ©f wat#y la 
iiii#afeirat«'d sell* flis ehaag® e«is«4 by a mi]pv#€ 
licitiid surface i® exfressed by tim rslatlm 
p , =  " - C - L ( 9 )  
p, arAfl Pg aps the prsarares oe tha two sld^a of th« s«rfao«, 
(T tb® atirf&c-a tension and ("^7+-^) total earvafears of 
fell# ssrf&§#». watjsy ±a imsafcttrated is at 
pi^ss«rds 1#»8 tli-sa ataesLiieric prnms-am* Sie«« a#gati¥« 
-10-
,k . 
pr&mMumB will b® e»ll©d t«iiilo»a.* 
If t&« lioiild In a -pormis .mM-am is to ©©nt^et witli !•»# 
wst®f tefi is in static #qmlll1aritaa,. tfe#ii aaglsotlng the e!mag@ 
la and Mi# ^ayl'fttien Im cieaalty of 
wat«y witti fcl» dlatanc® & «b#v«. .the -flat wat» *# 
aay writ® 
n. 'F^ = o-(-h + -ii) = -35> 
If fcb© prmsusm at tb# pkreatie «wfmc© %m eoB#i4«i»«d as 
til® mtmmmm pmaamm -<35) and tak^a t# ssto ttxen 
ss toasll# gtrenr th of Wat#!* ia gm&tm Mma CIS) 
lai Bimmn -timt a force Is. &mem of ISO «bJio»pfe#pas 1b m» 
quimd t# l3i»«-alc a ©van mh»& aatmmted wltb 
Air# 
,Biickia^«» (&) aiialys#d. tli« • fsreas mtimg in tti# •wat«r 
in wismtairat#.^ soil. Hs a«smi®:ci tlies# fOTCsa mm mmey?rm-»' 
tlv® mid timmtem qouIA b# bf tb# gym-disnt of 
a ea.pi3.Mjfy potential. ^  
QmT^BT ilBg 16If 18J clea ity 
1= 0 ec,«fc«it « a function of tho presaurs, Slno« f 
li fell# wolwrn© Q tsF ma.lt of *« aay in ISi® 
mbm%- equation and obtmim \f^=: jodf wfeleJs, ia thm fiarfiaiti&n ©f 
fj?#® mnQTtrj^ Tlais. m mm tim definition of eaplllarj 
p6%«atial gl^as tli# prmp^.r fo«s for «ii«rgf* 
Ising tills dsflnitioa &t th« eapillary potaatiiil, 'tl* 
flwid moving ft©M m stated in tha Stofces Mafi«i» thmT«m 
and; til# Mollified IMrej I«* «y b# writtm 
f : - V P  ^  - r t '  ( l i . )  
f 
11-
Bi# relation emplllafy po-bdiitl«l V mid nioitfcttre 
coat#rit & of a soil has b«eii obtained (32, fli© if© 
curwm so ob1;ain«tl wwm romglily 1ijpei»toolie.* Sebofield C40| 
#xpr«ss®d til© #ii#p-gy stftt# of ,tl» soil aQi8tai»« lii terms' 
of a l.ogai*itliRd,© ff, -ifaieli is defined as tti« 
locaritliai ef th® holght Im of tii# watei» eoliwin wqwlrsd 
to pTOduc# th# qu&Mtlm-* 
ftisndver the llt|-aid. eorj.taln8 dissolved MUbMt&umSjf: 
there may exist a eoiie«»teation gradiwit givlag, ris^ to & 
llqaid-KOving fI«M f©re««. ®iia o#aotic pmw'sum m 
defined by Bodsima. (4) will 1&@ eonalde.fs-t eonstaiit m It is 
assuaed that, tiis oonesntmtion ia eoostant i±wou(J.iQut thm 
B©il moistta^a. flitt# tb# total form fl^ld mj b® writfeea 
Y(^H> +  ^ +A)-  VLf+<P)~ V$ (10} 
slac« th# gradlftnt- of a. eonstaftt is »qml t^© 
r In fcbis paper eapilMry potential will fee expresgea 
: la srga p®r .gyam^ <l©a»itf la ^mm psp qo, and tim otfe#F 
( mlt« la th.® o©r3?#s.ponsilag egs ayafcsji* For ta» .mm&inder 
of tM.3 iti«ais it will assioaed -Qm densltj- of 
i» 1 and Sils will ao-t b® reprosoat^ci In the -squatioria^ 
f'© writ® tbs «£|S&tioa ©f eoatinutty for -rnisatopatsd flow 
let ua mamixm tim.% St# Ixilk a,eiisity of tia® liquid usad Is 
constant giv-sia tension .maf-:©* Ii®fc ua daflne apparent 
fluid d;9iiiilt|' f » 1q,:8« of tl.e fl'aid per oe of porgiia aadlm 
lais13'''E®Z1 '^ee~of'sa^M!'^ Em0313E'™'*~~" 
f&mg, wh.«n mmy *s Imw as€ 5>«.ar-s m««d, Ifttattoii, 5 fcalc«# ttoi 
f©m riKV^)-=^ - ^ 
Ghllam -aai liatiel&oa ft, 10,. S©> asdiflod %im #qiaatioa 
In & sfca^ of th«' TOrtlasl flow of aolatur-e- "bf ftasiimlag 
whmm M Is th® dist&n©# from fch» sitrf&ce teid t ia 
felia© ai0agiiX''#d froa aoia© arbitrary flx«d ev«iit» T!-=.©f solwm^ 
this »<imatto-n naing Fourier Series* K was assiimsd coristant 
and tti© bonadaif ©oncJitions war® <fetemln.td from .field 
gtacli#Sf ?©i? Iftrg® aoiitmy# contMifes and ssall 
eh&ng®! J,ii a0i»%a» •oantsnfc,. tb# .r#siilt.s s#emre.d agr®« ^witfe 
til©' ©•ba«rv«€ ehmg®«« 
Bi® g®n«i*&l #<|ttii,.tioa. ©-f eontliaittf baa not to®«« treated 
s m c e « . » s f - u l l f  m k m m  S  s ®  f C ^ J #  
Iqnatioa IS f#r #%#a:dy stat# was solved bf lielmi'ds {31) 
fCJi* flew «.ft©r hs li»d • obtmiisis-d #xp«rim«mfeally & 
K s fCv^l «t:spi*#SBloa» A 4«8opiptio*i #f tb® apparatus wiri 
aetliocls us«a in tlii« #xperia#at wlli be glv«a l&tfF# 
**33 •• 
Pl©w 
Appsrates^ and prose dm*® 
Pi»©li»lnaFf labomtoiY .txpei^tBiaiits on soil p@rm&&M.lltj 
inMmt0d that the psmmMlitf is s-otl eeluffioa &.t the sad 
of fcba «naattti*at«d. fl©w ejet« ,wms smah 1@m& th&n at th@ 
bsglnalng... In. an uusatamted flew ey&lm fch® s&ll is wot 
mid#r a nmim, mud I4i® for d«.er®as#d 
vmlBto.vm eoat@nt« ^mn t© field ©apacity« Si® soil la 
aliowftd te aolstar# and %lw pmimmmbllity mm&aur&d 
for v&rlotm ttelatay# e#iat#nfcf up fc© n©ai* satum-tlon.# ftos 
at th® s««® eapillarj pettntl&l tlm psi?a«ability «&y to® 
sa-ver&l fcl»es as gr#at at liia l>®glimla.g aa at tlm ®nd of 
tli« efel«« In ©May coanm.i*# tMs ieeraas® la psmssbllity 
fer .flew with tb.® ©haage la pew«ability witii 
tls® f©r satemtsd flw, feh# sa'tttsmted flow s^speiPlaaiits w-®r« 
6©acimot#4» 
• Imfcapal field mtTmetmm' ef Stlt Loaa 
vmim #tetala#d nmtng fch® 'SOll •aaapllng do-wlom a«8erlb«d Ijj 
C'Oll© Cll|« Th&s%. w®TB kfijjt aeist mtil fcli«y were wet under 
a vmsmtia a»d pl.«.e«€ la tti« •edatta-p.t hm&A shmn In 
W'tffmma 1 a a E» B a p#i^isarrtat«r wms m •aodlflsd foi® of 
tliat ns#d % S-taama 'It ©©aslgtdd. ef md 
0atfl©w D »4« of Mag# tli» s«a« iiiaai@t«y «» 
m® s^oii sftiapl# tmbes aoMared t^o plita® sh«#t« ©f 
Holsa wtre J.ra.ll©d in tbe »ets.l i>lat«s, snti t&e #nds arranged 
so 'tliftt tbs soil-eontalnlHg' saiapl# tube ooiild b# in-a@rt#d 
to#tw-©®n the two endS'* Shin mAfm^ g;m.ak®ts wmm placed b@--
twmti th@ sa;iu^le tmbe amd tlie ends.,, md %hm enfcii'S s#t.was: 
liittscliatsly ^laiapt4 tegetter* "^a.ama't^m I! And, H*' 
att»eh»d t<5 ths inflo# «ad outflow ®mdm of tlie set s^i'vtd 
to MQAaurm tli# -cttfferenfclal pr-masum m&ttug access tbe soil 
©oltiBin# Screeoa w#r@ tised to ^T9v@nt th® gross aovsiaant of-
the 8oll.« Bi® armngeaeat ef th® .tdttre# tad eoilaefcing tula© 
is ci«aG.rib&ci ia tia« next s#etioa aa4 ts tii# s-sn© as eiioto 
in Fl,gu,r'@ ?* 
Mf eonttomotts ©pining smeh m R W#M liol® QT m eraek 
p«>diie«s larga peis#aMMt;i««» Saraialts wMeii ga¥-« .avideae® 
of dtfeets of of otmrnmllag mmrm iMisdia-tely dlsoa,M®4» 
Water flowed, upr&pd thm soil,, mad fctie sol.l 
p®i"0olat« was used, i»ep«-&teiilj.». Bi® wptieal vtloeiiy of tlm 
•m&tmr waa saall, n«v«i« «xe«adin/| •©? ea p@:r alrnt#* 
Tq eompare Itis pairaealstllty and tim tlsm rmtm ef ebang® 
of p@m#ability of t sterbad soil with soil having natural 
field s-tractare^ simllm' ajEpsriaents we-r*© pc.rfoOT@.d Bg-ing 
dlafewrbed soil fcli&.t bad to««B am-mnmil through & B im alav# 
and nixed well. Bi® soil was. pl&ced In a soil sampl# tub© 
and t;aiB.p©d. until the daaslt-y of tii© soil was appi*os.laft.tslj 
eqiaal tp ttiat ©f sli®l,iar mdlstuFMci aasipl9.e« *Bimm w.&m 
wmt and plaeed ia ttio pemeanetsr# ®i« flew mt® and th® 
prmsBMrm dlffsrenc-a hetwmn tiie oaas of the soil eolttam 
w&m and p&vmeB. ility oaleulafesd, using Ikr^ej's 
jtew* fii® porosity of eacli smwpl# was cietemiaad following 
tlis eofflpl«tion of fcli® «sp«i?liasafc.» 
ags-ttits 
datm iimm. ,«xp#^iia#rits «;pg In fa-bl# X. 
«ad tbs p@3?ffli a ij-lty-fcliis mxTmm pl0tt®€ ff^oa thm& data mm. 
shown Isa Fi^i*© 4» 
F©r-a««pls3. with lai*-g# pea^abiliti©#, Si® 
tor & she^'t tlia#^ reaeh a wxiiiaa, «nd timn de-
eramss to mmmvly mmtmiit valia«#« Fop tli® samples witti 
»»&11 •p«ya®a,bil.iti@s fc!» ipftt#" at ^leli tfc.® w«t#r pmmm 
tUwou^ tla® eoi«i« *&g B©t auffielently rapid t© ascertain 
*li«th»r tli« iiiep#ft»liig sf,f«cst ©,xist®cJ* variation® la ,. 
til® pfi»©abllifcy o,f %li« samples existed at tli« beginning of 
tli» mxpmtmmmts» '"Tim pamealslllti©# ©f tli« aa^faaml fld-M 
strae'te^ a-©ll^in i^asml w®» tfesa tticss® -o-f tli®' 
di.atejpb84^ aeil^# lo*awf fep mm 1«S8 p©FO«a .sa»pl« of soil 
of nftteml fl^M «trttctiaF@,^ p#i®i#abH£t;y w&s wry siaall 
St: til# bsgl-imiag mciA d9-c»a,s©d«. At tii® and. ot tli« 
®xp#rlaents Wm p«m«atollitt«s of tlw saiaplas o-f Marshall 
Soli W0V9 low aiKi teadad fco a eoastant valiis tor all of ttm 
aa«pl@s* all tii# ioil* stiidltd ©xisfeg it positive 
eoyFSlmtioii 'betwaen porosity and p«me&b,illijy» 
Saturated flow y 
angsment to 'pp^'j Y f-












Thin rubber •'gaskets, 




twasu^lng til® sateimted p®ni»ability 
Fig. 2 Saturated Plow 
PermealDility Unit. 
-IS-
ta%l« 1» Saturated Bet^abiltlgr of Marshall and Shsiby Silt Loam 
& given Bimber of days after the bepinrlnp of th© exporijastits* 






















•See.twydyif^V •See. f** / ^ye) \^J 
£8;6 »01 4.8 4.15 mm' . 1.0& 3.SI .11 
35*4 *10 4.8 S.12 2.05 ,11 
S4»4 *16 4.@ 4.07 3.50 S.S& •11 
27 •« •215 4«8 3.96 •.ii S 3*45 ,07 
•27 4.8 S«67 ...ss 10 4,16 .05 
27 a •39 4.8 S«92 11 S.S5 .*os 
24*S .46 4^8 S.58 IS 3,80 .05 
21 «4 .87 4*8 5.09 : ,,ts , u 8,^ .04 
16,8 .97 4.8 2.43 
.m IS S.,41 ,04 
13.S 1«09 4.8 1.92 
..,17 17 S.S8 ,0S 
12#7 1.4S 4*8 1.8S *14 14 S,40 
12#4 1.96 4.8 1.79 
...14 tT S,6S ,02 
12.4 2.08 4*8 1,79 
..It 31 3,56 
fiSie 2.94 4*0. 2.40 
.^12 34 ?u67 M 
IS*2 S.88 4.8 2*19 *11 38 3,33 
ISA S.08 S-*8 2.26 \.27 40 : 7,9i ,02 
9.GS 6.48 1,75 ^ .24- . 4f 7.88 *'^2 
5.?S €.S€ s,.s 1.04 .,14 m 7,82 .,01 
7,2S 3*8 ,6S 
.le 88 8,29 ,01 
S*S8 • 7*8? '6 1.02 *15 m 8,54 ,01 
• t-*t 8.84 e 1.12 *15 : m '8.10 ,01 
15 4.71 *3S ,*M : m a,05 ,01 
l#Si S4 S,2S *06 m 8,29 ,005 
i*m S7 5.88 .27 .20 m 11,2S ,01 
1.42 40 3.81 .25 
.13 102 11,62 ,01 
1*31 45 S*56 .29 
.18 105 12,70 *01 
lai 47 3.32 .20 *12 110 11,24 ,007 
*86 5S S.20 .16 ,1S lis 11.49 ,006 
•92 59 s^es .20 .«3S 159 5,23 ,007 
.73 66 S.20 •It- ,0S 145 S,42 ,007 
sn 72 S.go .17 ,08 151 S.61 i ,007 
S9 80 3.20 *12 *09 170 5,49 : ,006 
l#S4 . 96 7*12 .12 ,06 174 5,40 .006 
1*12 lOS 7.20 .10 ,04 185 S.82 ,005 




TJndlsturbod Stractur® • Birts* rbed Strttsetttr# 
fttmmm W«fe T®®* aia: 
Q/t -pta®* . fl»i !lari.o« ail# 
cc/ hr fiay® Diff. 5ec. e."jY-dx2$.) Bc/hr aay» »iff. 
€R», \c/«V 
24;4 .04 8,3 2.04 10.8 .12 7.6 9,88 
SG.S .43 8.S 8.0S 14^^ .20 7,6 18*C» 
so»o .94 £US 2.S1 M.S .3 7.6 IS.60 
£3,1 1.18 ^ 8.S 1.9S 9,9t 1.0 6.69 10,tS 
20,4 1.92 8,S i.to 7,54 2.0 6.69 
16.0 S.54 B.5 1.S3 5.4S S. 6.69 s,se 
12,9 S.S2 8.S 1,07 4. 6.7 4.47 
2.® S.S7 5.81 ,S2 S.61 5. 6.7 S.?g 
1»S 6,44 3.81 .S4 a.fl 6. 6.7 s.oi 
S,66 9,SO S.St .70 t.ao 7. €.7 s.ii 
.89 4f 8.59 .17 E.S4 8, 6.7 2.SS 
.68 «s 5.50 ,13 2,62 9. 6.7 £.72 
1.40 10, 4.0 t*€§ 
1,S2 11 4.0 t,»0 











13^ 0"^  
CC. I 
5ec, dX2e 1 
13,0 .Of 6.1 16.90 
1S.9 .18 6,1 " ie,;0O 
U*8 &,l 15.75 
12,» .7 6.1 14.70 
lt..f i.e 
€.1 14.50 
io.s 2.5 6.1 12.30 
10,4 4,5 6.1 11,90 
9,28 B-.S 6.1 10.60 
9.0 f.S 6,1 10.SO 




DlgtBrl'Sd Structiare Bl«tart>ed Stru#t«3r® 
We t w For ous Plat# 1 '0% oa P e,r0t3» Pli it« 
n. A ftae® • ^ao«,' . mio^ q A fiat Iftae* ^ »clO^ 
ce/tar Biff. : cc- ee/lir Biff. cc 
<»«' 7 «» , ( 0»^-3 J 
ta »s 6«2 10,E8 6*2 *-i 4.2 f*.Si 
3 « I* • 4.6 6,^8 7,OS 4,2 i»36 
S»04 «<&# 4.6 4*60 1,62 2» • 4.2 2.*7t 
2.48 • S, 4,8 3,59 1,45 3» 4,2 t.40 
1,80 4» 4.8 2*62 1.05 4»- 4*2 l»f4 
1,80 s« 4.8 2,62 1«QS 4*1 urn 
1,85 i-» • 7,7 l.e? «48 4»l »81 
,§8 f'» • 4,.e .07 • •il 7» 
,4S 8, 4,6 »,6i • s» €.1 .#74 
*4S 9. 4.6 *6S ••M . 4»1 »6T 
10, 4» -*8$ 4a •«66 
11. 4.6 •n^ l »88 11»- #a »g6 
13 «' 4,5 ••IS It* 4»1 ..4S 
••.SS 15.» 4.6 .».gs 1^^ 4,1 ..4S 
14. 4.6 ,&s 
Fig* 4. Saturated m m m fto#t£#» •&£ 
tlms for silt loams# 
Figure 4. 
tins®turnt«d 
Cylinder ae tlie.A4 
Apimmtaaa procedure • *i3.e» wmtmr fllltd porous eofasile 
©#lls ar© ealjecMoa 1» »lsfc soil, wmtm^ t»ngf»i» occurs#- W@t 
mwmmlQ -enlls will afcao-d ft pmssarm of apppexiEifttaly on# -at« 
»-o-spto«f« lealcii air, tarns ©@lls p-revldo a- ae-aos 
©f cant mil lag th# -feenslen of water ®nt«r3.ng or Xsavlng tla® 
soily *-# ths wa-ts-i» tsttsioii in th© calls imj hm externally 
-eontr«ll@{l». If ©leraent i» c-onn#cted to m'wiio* 
wafcaiF trmnsfmr tmk&a plm» until equlliteriti-a i-s-
.^ttained,, at wMcti. tias tli# ©rs-ssw^#- of the wafc©F iasid# th® 
elar-ant 1-s e^ua-l to- thm pr«s-s«y©- of th© soil molstur®# 
Sardner Cl-6| d#v@l-o-p»d tM» tiet'le# foT m#aaiai*lng soli 
aoistttr® t-taslea# It is now sailed a taiisioti®-t#3?-» 
If tli« ipats'o-f flow of iw%€3:» felaroiigh the son "and ttm 
tension pTOineing; tMs flow' are. Imom, ^disatabiltfey 
of th» «oll &t my'giv^n capillaFy otential imj to#- ealci,ilm-t®d«-
fb»- a.rrangeasnt this iind of apparatias-, aimllai* to tliafc •, 
descrlbad by Mleia „s C5-3) is '-sliown. in 5- Stt€ 5# 
fh« e-0-li3ii»,0f soil §5 cm In dl«s»t«r and 16 'em long 
Gv wtiieli tla® penasabilitj mQmnmnmmtm *#e-r© aad@^ w-as 
»oimt©d in eyllndriem^ fraj-M A two <s.tFemlar porcms, 
liollow e«Maiie ,e®ll« fla#se ©oils ars g;la»€ on 
snarfau® ..tta tmlformly tMi<sk, flat pmmmB wall in 
eontttet with tfa« soil ooltimp,. fo iafur® go©# cmpillarj 
























t:l» g,afiis m surfme® of ©®11* fo 
ftti^fcliar Imsum- eorits-et tfi# «pp«F ,esll waa fiiwily l-Ald agmlast 
•tttii- iSftli «0X«»s, bj stroag ban.-s ftttaeiis# fe fraB» A 
ttad wel^its p3.ac«4 ©ii tii® top ©f '-Iti# mppei' €«1X# To p«svsiit 
less ol" aiois'tm?© tmm tii« sjst#iij»' tii# t#ltscopiiag ivmm wm 
wm.pp&d with. lap«CTi«as aihaslv# niWmVg &a4 ®mch esll wm& 
.t«al#d W- tli# frnw' *itti .r©©:fiag tar f* fi» tax* is 
U^ld Agaiasfc fchts mpptf mil hj m rla U se3,d«2'«d. to fpaa# A# 
A aamll 'iiol® was l«f fe ia tti® tipp#x» g#s,l to alluw &m soil 
alF %# r«as.tjft at pwrnmnmm fii® e®ll op«aiags 
*#» Slmmtlj ftbO¥# &mm anotiidr, «»d fcb® 
®iitip« mi% was tllfc@d i degr««# ttpwai^d toward ai« op#alag» 
g© tMt &nj ai? eoiaiag ©at ©f solution la Wm o«lls. womld 
to# txpelled# fo, pr.s¥«at fcMs «xp«llsd air fyoii air loek-
lag mm rnys'tm^ ai? f *®r9 iastail«4 ttfc tk® j5«11 
ep«ai»^.*. fe pf»©vld«' wat«F- wi4#i» tensieB st fell# a. 
long mbb#r tabs t&e ial@t aii» tmf t© * larlott# 
/ 
fMsk B*- Sii» m&rX&tt® fl&sl: was coiiii^eted t© W 
ftnd gt©m.g# i«#a«yvoij' 1» lew®a? e@li w&a .e©m#et®d to 
tit# .©F^rfl©* Itirsl 1 and tMs to tM seasio'liig H 
m.^ afcoimg® i»#ser-tfdiy !*• 
fh® pmsBwm la %h« ttpp#? e«ll is g^^utmv tliaa the 
pmMBnm Iti ttia l#wei* e«ll 'daft to tlm weijjit of ttm hydre-
static mlmm l®ae», tl3«r« «slsts a foree t#ii€ing to 
B*k® fclis w«t®i» »v# from ttpptr" cell, thwsii-^ tki# sell 
eolttffla, and oat ©f ttie l©w«r e«ll#- Sti® iafl©* mad outtXm 
w&s mm-miwmd by s@ttiag th9 sfstea Int©' 
opdmtloa, th© e©ll« filled wim feoilsd aistiilea wateri 
aiid tlm ©ati;r© mjat&m wm sIgwX j wet in vaeBuai# 
• ®h® p«ssur# <iiff©y«ii©e t»atw#@n tli.e enda- of ^tlis -soil 
•©o'lwaii-*a» aeaau;i?»d salag Ifsi '^teip t@o8ic3ii«-to--r teb@« J"# 
Si®d® ta.pe:r»d tutoss 'SS ea leag -and 6/10 -en In a,lmast©.i? 
V9m placed in eoatact wlfcli'th® soil at tli« ©acis ©f the oolum&m 
ilao® the p®m»aMl-lty of fciies# twlses is torg®, it wm m»'' 
siffiisd that til# t&nmlmk of %t%m «at®r la thaai was equal t© timt 
iii tb,® soli at fell# «ii(l-s ©f 1ii«. eoliaaa* Bi« water filled 
were «o-na#sted to m mmixpy diff«r«Btial 
ia«n.o«« t®:.? X if til# ©:xc@«d«d '7/10 eat of 
imrQUTj and, a water difftreatlml mmommter It tb# pre»stir® 
£liff0r«iie-s ms l-«»a- ttiaii tfels» Tkm lewer ttibt- was al-so 
oonii#«ted to mmama&t&T I* wMcii ae-ssurod th.® tmmtaa of th.# 
soil wmtar at tba- lew#r t«B.aloraoter eiip*. Sis ppessup® at 
th.# «pp®p mil Wfts 4fit®»nineo by th# f©nail« % -« - C2^ -
wimm B 1» th® ctistmnc© "bsfewsaji 'tti# feab®-s a-ad li Is the 
lag of thm ^ff#r«afcial •mmnowm.tmf, li fch.# tsaglea in tim 
lower tmb®. in e» #f wat®»« Sie liquid lavals In tli® aima-
Bi®t«rs •»#» ^«ad with a l»l®fc at tli# 
*n»iot%® owning -1 ftttd tfe® ©ttt-let 1 wsrs mailt tala«d. at 
atan0Sjpli#.^ie prtsaur® oa*,. if il;~ »a deair^d t© ©btain soil 
-meisttip® tenstons la exe#»s of tlioa# wMeli c©«ld 1» ©to-
t5f Immrlng tli# inlet leiii outlslj Itvals-.^. th« open-
iag0 B and 1 «@» eoimsetecl to a apeeial v&caimi €®vi.©« th&t lm« 
been {l«scrib®a by Biefaarda (34)» fijis auto-matdeally aala-taifi«d 
—E-S— 
& eonsiJtot rjlff»i»®a©© imtmmmn th» md outlet 
l«¥9ls Mid tb# atiao-s^er®* It was fomd ndeoastiry to sfcors-
Ingoing wmt#r la m flaak,,.!, at i»«dtis#a prssstira to 
Wilt fcti.© ciissalirsd fpora cou-ng eut of solution und^r 
iha %m prmammm la %li® immt-tmrn and e®lls»- By el^aiag 
elaap# S, H*' «ftd ?» wafe«f ©o-uid l>s &M»4. m v&me-^rmA fT^m 
tii& sjmtem witfeenfc -distuj^Mag %tiQ pmMMum on th# sy«t@ia« 
Tlxrmm unit# w#ys ©Qaiitr«:©t®d,» , Wpmsm-m % sm^ B wmm filled 
with uaiSstttrMd larsbsll slXfc tMim t«k»ii fw^m fe# S#il 
Coa«#rftttioji Sxpeplasnt station it«aj* Qlmrla ,^, Xmm 
ted Sfa.s3.bf iSilt I^itii from m&r Bettiaafi Miisoiai*!# fk® aetl 
was s-»ettf»sd Ijf JmeSciag the fraaas iatot moist soil.* ®i# 
soil, wag to.pfe moist «n.fcll used, tlms prevtntlng fcha forri«fcl.©« 
©f eraeks# '• Sell sa l©s contaixilng hol«3 ei* ermeka wei^ 
-il.s©4M«d# HOW0V®]?, a i&rgs wrtieal eraelc h©l© w«toM. 
not mainly tli® fl©* mte® aiae® %im 
wat#r wduld. b# f©®6v#4 frsai thSM'by tti# water temien.# 
A era<jk, separating tba mmX Xnto t«© ^.afelaet layers would 
gi^stly iiaialsii thm flow* Tj® *afc#i» W0ml.d e»s# tials 
diaeoatiaialfcf la feJa.# mpoi* pti&s®* (21} BhmmA tliat the 
ft&m mtm m&mss m m.Bmn%lxmltf M v®iry »tm»: 
Tkm tMrd frftMf was filled wltli Mekinseii fin® S.«ai,» 
.It »a« f©«a.fi diffloult to .s..#.e«F# g©#ci mmtmet is#-**' 
tim uppQT cell &iA t a© sand#" Tttm study *a.s diaeoa*' 
%.i»a#a# fb« fr«a« was later - filled witM s lai^Etttr# ei ? 
parts, fiii» mmmA and 1 pa.rt 'bontmilM {l©lel*y|* 'ISi# sand* 
t>»iifcoalt@ m0.agmi«i!i«atg w»r€ ot sneesaafiil. Si# elftj *as 
dlsp«Fa«<l 'bf tim wat@r to- mnQh an •xtsnt thm-t It.paaaed 
through th® t«-a8-ioiR«t«r fcmbes and th@ oia-tflow esll, fine f®w 
seasmreiiien':® smfis,. iadleated tli® flow r-ata was slew fop '-any 
eapillarj potoatlsl ui.ed* 
In all the ©xperiaeiits tti# wIhto of tfe© water, used wag 
kept a% a miatinaa* Ms tilled wat«p was ufl«d 't© we t tb© soil# 
file soil p#pcol«t© wat i*s®d rapomtedlj s© tti« toluble smb»^ 
staaeea would Jttot b« oontlatially la.aclied froa the dis-» 
p«r,slag th© mllotd aad altepiiig tai# soil strmetor®,. ttrnmb^r 
c-fean-ging tli-® «oll |t©f®i«at)lllt|'» Molsttii*© lossm fron tlm ^ 
sjst#a @xlst|, thmj mpp&mr t© b# indei»tndeat of th© flow rate 
o? eapillari* ,po-t«iitlal» - It wm.m &.Bmvm&d tliat sqiillibrinsa was 
poached wli®a tha flow rat® int© tti® eoliaan. bseaaa constaut 
and axc«-®€i#d ttm oiitflGW mt® by a tmall fix#fi amount and 
th© a©-il mo,iatoi»« tsnsloa «.ii4 tension 41ff#rene«s remaln&a. 
eonafcant. ftae flow rafc® was- tb«ii d©t®'raim-d,-, th.® cmplllmwy 
potential and potsnti&l dlffsrsne-© affecrtslnad, mm.il th& 
p@ra«stJllifcf fO'F th© gi¥#n s«,pill,ftrf teiisl©a eciapmt#A« 
If Is t-fi0 iriflow fata la etibi© pev 
fteoad,. a, th^ a.i^a. of tfa« a®H e<>liirfm,li It,# Icngtti and p 
the pMssmrs ilff«2»®ttcs la ts©-^w®®n th« %TO ends of tli© 
soil eol«iia • hen ultiplylmg iqmtioa 8 by culTaaii ar©a 
thm total flow la Q/t •« a v » • « E v ^ . CM} 
tbe fore# field. Moving the watar dowiward wm hair# 
Si® atgatlv® itipi «f tii-« yiglit m^mh&v incllcafea# t!mt th# 
fei*©® acts in fcfe# nscatlTe n dlrs-etlon* Sol^ting tb« sb©¥@ 
_ Y §  = . -  3  -
equations for K gives K =^-:t (IB) 
ia p»sstt.B® to«tws®B, tb$ mnAa -of tk# 
moil coliana «'v#£4®-d slae# th# psfa&abili fcy m ittastired 
is m. awfmge of th,® p«i?»«.abllit£®s- for all fch® eapillary 
potentials' »3cistliig in tfe® soil ©olmsn#, 15ils aveyaga pei?-<* 
aeabllitf -It mmmmmiA. to fe# ©q^.tal to tli» •p^rasembili'fcy 
f#r the. emplliai^ .p©-fe#ntial.« sine# psmsabillty 1» 
n^t; a llndar fonetJem of tlx# capillary potoati&l,^^ fcb® a-vemg# 
p@i®«abiilty is a©t in g«n«j'a.3. mq-a&l M tli# actual 
ability when aferagea w#:? a larg# dXitmrnimm t» mplll&Tj 
potential, to was aad# at tJi© i-nitiatiea ©f tai® 
#3cperta0nl;s t© liair« liolstiiF® ©onteat «r tii« e&pi:llai^ 
eonstant tor thm rnntlm langfeli twe eeliasia., 
and tta» Imvd the d^mward flow fores #t|mal %g tb# tmnm 
of .gmvityi, Eli# wmm fowai.t# ti® lapmetieiil gins® tli« 
drop la potentiftl across tf e p©!*©-!!® walla eliaagts wlfcli tl» 
mt# ef flew, th# «mpillar|- and total prmsmum^ 
Mftemn&m as dstermined bj tto® water colacm Isn'-th "M 
emild not b# adjusted to Mime® thm plat# losses• 
CoiidBetlvity cMta f#i» .larshall mud Siieifej lattifml 
Pl®ia, Strmetmr# Stlt l4>aiis «r# givan in f&ble 2#, fla© eafws 
plettdd frtm clata -Bhrnn in Wlfmm 6. 
nmultB* Sine® e&piliary flew takes plm«® tlirou|i-h 
vmU^m .films, tb# p#i»aa:aMlt% ateomld deewas# wltii thm 
of tfes #fraetl¥« ei>&s.a ssetioa ©.f th© iielster# 
fllma. In this titm Im atwdled wltti %m» 
er«&slag ea.pHlai*y p«teatls,l# -l^mtton 6 ah&WB tli® 
-gf-
tABl£ S» Pemeatility as a function ©f tli« «ptll«ry potential for "fell# 
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ea.fjllla.ry potential, tmmmm. semlMr with deersasiag radii 
til® «.©11 itioister# anrfmms* 'Biis eopresponda to & saaller 
m&lB-tumGontmnt and Mn&ll^r eross 
s#otlonsl .«!»©«. ©f tb® raelstaif*# .films# Htac#-, w® siioiila 
#xp«et til# p®'iii«StMlltj to a fltrnxiauii at. or xm&T a s©!*-© 
0Ap:l'..ilary p0t«iitial..« I.n tMs stu-dy tin? pemaablllty In-' 
•iSTmmmmd tipom z©to: capillary petaiitlal to pc»iioiit.l.al» &t 
-•S ^ 10® er.gs p9V gma or m praasmr® p0t®riti«i eerre.apoii#«" 
lag to ft liei -.ht of SO eth&m tlm fcabl#.#- from tJiis 
cm.pillt.li' potdatial of Jt 10^ itrgs pei* graa tii» ]p®3ra®a.i)ll-
i,%y. mpidly imfell m tension ©f approxiaatsly -t#S x 10® 
®f.gs'_ grfta #as. r«ateli@d 'and thmn a©r© sleirlj# 
On thm sorption c«rr$ p#»ie«.M.llfcj vm always l«a.s • tbaa • 
on tos desorpti-oa at ai«' mmm- o&pillary poteiatisl#., 
'Tlie .final o-bfeained,. for .th# ,pe.i«©abillty nsmi* s&tut*mtlon 
WAS only abeut 1/SO of tli« initial pemsability for Sars.liall 
Si,lt .Loaia. •Hi# eell dn Slielby Wait hrmkm at m 
capillary potsatlml ©.f --a# :s 10®^ ir> pij.j» gpa®, sml tb.® m» 
turn otM*v@ was .not &et%rmln&4 for s#ll &a fcad ©rlgiaally 
betii plstnii.«d» 
teto.-ir'yig&tior nefehed* 
.Appamttts .aad. pgoeeitey®# l&iii«.l flow imlta. war® a.rmng@4 
to at-easttrs tim -mplllmry flow rat# And tii# preasttr® gradient 
in oriS#?' to eoiap-ar#- tii® concLuotivitisa of .distiirbe.d structmip® 
.so.tli. «lQi tli©ia Qt uiidl.stabbed soJl»» fe© mpp&v&tum ns@d in 
amlciag '©onduetlTrifcy me-msuTmrnjita i.s in Plguros •? 
and 9» 
Fig. Auto Irrigator Pot Pig* 8« Unsaturated 
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Pig. 9. Auto-irrigator Apparatus for raeasurine 
uriaaturated Perraoabllitj, 
-35-
®3,@- l&rshall Sl'lt jtoam, Sfeelby Slit aa€. 'Bi-ekiason 
Wlm B&no uaed ia ttils st»% wai»# passeil tlirowghi m g 8m s1«-¥» 
and, placed ia tli© pet*. Bi©j wer-e ooapacted tintll th® bulk 
deasltles of tim -fiistaiylsed soils w®r® #timl to- aiaiilar im--
4l0.fcmrb®ci .aoil# Oa w@ttlag tli@ -soil .swelling omuma m&ktng 
it a©p« pormimrn^ Bi© ialet mt emd thm outl&t 
p&vmm ©up w«pe -eoianoctad to a®asurlng syst#»3 emA tQnstmi 
rsgulatSng aevie«s sirailay to ttiO'ts d@..acrib#d in the 0ylind®.r 
Method* Wh&n th& rata -of flo-w iafcO' a •mnit b#eaia# steady^ 
and equal to th® otatflow, and the aeastiroci tensions r©iaa£a@cl 
uae.liaiig0d, a ¥Stl«® of the pemeabillty was c&leulfttad# If 
•Q/fc ia tiia Inflow in ee par .second, 2^^ and :ra ar# fh# 
av«rag« radii of t&a .pot aad cta.p vmspmetlmly, Ir « Imgtii 
of tlm soil Fing, p tli© pressit^e <llff©x*ene@ b@twe@n %im inlat 
and outlet walls, and % tlm aaei^scopic feloeity ©f imts2» 
p®rp«ndleular to tlw cup wall,^ w# aay writs 
fo obtain th® V$ tor paciial flow it .ia ii#e.ssa»ry to 
solve tlie- tqiiation. of eoiitimaity s-tatsd in -ojlliiapi-eal 
soordlaat®#.. W&rG,j*'s .JCaw aust also b© wrlttsa in the 
eylindri&al eoordinata forrnm Bi© pa»@ability will be COB-
sidered constant for- ©aeh aetfclng to facilifc&t® -the solution 
Gt tim ©.quafcioii sine® tli« tension in the watar tlipouj-lio^ife 
-til© sell for may .setting ia almost cor:iSfc-a.iit-« For cylindrical 
©oordlnates Darey*s aay be written 
Siae® th® f2.©w is radiiti anu tto» soil, p&ckiag Is 
a*?i-
tadepmd^at of poaltlon = o |£ = „ 
l-o obtain^ we aust .olv® the dl«rg«BM th=o«., 
for steady stat®* 
if 1 is eoastm»t thsa 
^ ^ 'vr = A f  i  ^ ^1  = °  
f©f tM parttcmlap c«aa ©f miaiftl It fell©*® trem tla® 
m:m\m dsfinttion tliat - o Ci8| 
3 r 
Iftt©gi*mtiag, ^«j?# r@#alfca fiFst 
V — c 
^ ^ ' mi 
ani tli#a 1^= c,?'Kr ^ {«gO| 
fes bo^darf e«a<Jlfeloa» of tMs mcital fl©w ..syst«H ar® 
efeitra0tei»i2®d bj r' = r;, " 
r = r; > ^  
wber® is tli» capillasf j#t®a#tAl At' thm: p©t wmll and 
1,8: til® o«,pll,laFy p©t«mtiitl m.t -Kfat ©tap mil:#-
•lati'eilttelng tbs^ aboir« 'brnrnmrf oeadifcieas lii:t© Iqnatioa M 
and solviag^: wm m'bt&SM 
c, 
{SI) 
^ e,'- {32, 
SO tbat 
Smbstit«,feltig @^s«¥l©s tl in l%.w« ©tetftin 
Sutostltutlag sgtaation 124) in {171, we find 
- X^ jgS) 
'^~Yn 
Finally J tti® total ©ntflow p©r ^nit ttri# fros tk® 
aoll Into'til© cb-p Is gl¥©n 
^ -=. -f /^•r^^ 
I'M. rk-
K, 
Selviag for E 
'^^ '^  (^n/^ - if4.^ 
R®8i;ilts..» Bie cMta ©Dtaltisd, froa this arrsiagaiaent ai*® 
fcabiil&tad la 'T&tola S and stiom graplileally in. x a ID# Si® 
d#ao:r»ptioii qutt&b for MaMlmll and Shslby Silt ItQa-vm 
rmi aiialjtieally r«.pi?®-»-@ai#a "bf tti® exprms&ton 
Im K « «v 4- b {26) 
frtim mtumti&a no-mrlf to .fl$M eap-aelfcy.# Si® i-ate #f d®-
craaa# of th© eoatinetivity Is aneh slewor at aoistair® eon ten ta­
bs low fl#M bmpaeity#. Si# conawctlvlty showa a mrksd, d#» 
cr#as# at Itks eapillary pefctofcials ©n tla® aoi'ptlm cur?© 
fi^om that of tb» tlsa-orpti^n cwvs fO'i' ^rsiisll and .Slisltoj 
Silt Ik>aitjii# 
Wlfch tiier®*siag tmsieas- In near- satiiration region 
the p®r»«al3ilitf of i^csiciad-oa Fln» fi^mad. tleereases 
rapidly, tmt fof large? t«nai©n» tji# mt# Qt p#i»iisal5llltf 
fieeraas© beeoass less. Thm K sorption eurr® almost 
TABLE 3» Permeability as a fimetion of the cayillaiy potential for drying 
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Fig* 10# Th® logarithm of the permeiahllity x 10^^ as & 
fuoiction of th© csapiilarj potential for drying and wetting 
of disturbed structure soil }jy the & mto-irrig&fcor 

mtrmmm tb.®'desorptlon tout V® paraeablllty is al­
ways saall©^ fm lilce tension# i» the -'aopp-tiott Gyel@.« 
gelxiBm method#. 
App&r&tuM and pmrndnr^m, Oaly on# p®ia®abllity Yalia# 
eoald be ©btela#€ at a giv«ii tla» tor a given eaplllaify 
pofcenfci&l' la the conductlvltj mmanring .arrangsattata prs^lous-
ly dsaerib@d* Addtfeional *almss obtttlasd 13|- ©h«iigi»g 
fclia sail aol8toi'« tmmatm. allwlag wat®i? t© flow thm 
soil imfcll #qttllitei«ai wmn a saJi attalasS befoi*© anetliiir 
I»sm«abtlltj TOlti0 eottld b# a®fcsi«lii#d* soils sneb. m 
Kafsliall Silt IjSM wklsti tbow' a mrtod tiecrems© in p#m«&bll-
i'ty wltk tfe# l-^w ©f wafce,? tliTO«gii ife is diffioialt to 
interpret th« K ^ curwp* 1« miQh of th® s#n4iietlvity 
ersas# is 4ia® to aoll atraetaml efeangeSj aad what portlea 
of th® 'elia-ttg® is aetiially sJa# to fcixe ©bang® la capillary 
.pattatlal., mtmmt to® deteralaaci. to obtain, a K q" 0a 
whielj all points mm iotei«il»©i. at a given tlai©,, m flow 
app&isftfctta slailay t© that dsseribsd % Soar# CtS) was as©d«. 
Flgur# 6 Is ft pb.ototmph. $f fch# apparatus# 
•A .g#l*-aaig«d ii*©a s-©ll eyliiid©^, &S «© ia 
•38 cffl long was int© Sapafaall 311% £o-.siii# A slmila.r 
cylinisr was fill®4 witli dlstmjpb^d Meltelaacjo Fl»« S«i.d 
aad taaped %h9 Aaslred porosity# In «a.ch eylia€«r S 
li©l#s weits punched S.^ 10#5, 18, -2.S«S, aad 3# fi?«» tli® 
top of tli« cylinder • Siyou..gli tMs# li-ols.a lf»iaefc»r fe©,ri»to-
«©fe«r^ettfS w«i»@ plii€#d liori 10atally ia eoatmct wltls tti® 
soil, aad tlM ©yllsdeF^emip Jiaaetiens wars .saalacl to 
th« I0SS ®f laoisttir##. Tm eylirAdtr ©mta.iniBf3 Wm soil wag 
m% oil a poTOms e«il lifc© tliat dessi'ibs.d ia, .sectiea S.» Tb# 
aysfc«a wet St me«aa| s#t ®i a st«fid and eenaeettd 
to 'itti ii5a.»t Msasuring 4pps».ta® ainll&y to ttiat previomsly 
€®s©rt"bed* tt« mt©r froa feh# lnl«'t moved mpmrd thromgJi-
t!i« soil aai ws ?©®ovsd froa tii@ mpper soil, smrf&o© by 
©mpopmfcioa* 
mta ©f '«t@ip uptak® 1by tb« «otl «« awasxired ia 
th# gmdnat«4 s-apply burafcte* Teuml&m Bhomn hj Um a«r-
©ttrtml aanosietsrs. eijaae-eted to teiS3ioaet«r cmps wer® 
fraqttintXf m&Am Wkmn tb.® r-aa-iincs of tli« t«ttsloaat«i»..t 
a.M til# rat# Qt'Wm'bmr mptafc# b«eaa« eo-nstant:. It was &s-
sumtd tlMt e ilibrltai lm<l be«ii. r«ac'h«4» Sie teBsloaets-i* 
rtadlags ^ana me mt@ ©f flow wS'M Foir .®. too® 
tilt r^la.fei'r® -liaiiidlti' In not eor4t.i*©13.«<%. 4if:fioulty 
is toa®feim«s in g#ttlag a constaafc .©vapomtioa 
-mt® #ir@a tli@ reem t®ap®i»atsy# is eon#tent* &.« « 
©upv« t&r ^mma data werm plofefced fsr mpwaM flew* '&m 
tmagentp"^ , mm d#fe«»iiis#d fron •«»d. fch# 
eoaductlvity cftleulated m de«erib«€ i» teetioa 5.# 
l#attlt;s» of tMs atady Am tabalated la 
fuljls € ana pi»»ssnted gmpblcally In Fi|prt 11. pey-
«#abi3.1% ttaa Mektnseii Fin# Sand as o"btatti#d by fcb® 
eoitffliii nmMmd is greater corrsspoiidlag c«,pillmi'|-
?a.l}l® 4,- fli« as a ftmctlm #f fch# a&fillmrf p»fc«atlml 
det'sralasd "by tli® eoliwi 
OlCIlHSOf 








Or-a. *ns (LC, leg IxlO" ee/kr 
1x10^^ c<. ^QII 
^ r<fm (£=  ^ rtf 
2.0ti -1.S2 61.2 1-#'7T Cl»^ *#42 lOS., l»Oi 
• 1.54 54.2 *1 *1^ X%"f V •84 «S;»S 1.80 
1.78 44.5 ' 1,M ••fl 21. 
a. 07 36.E 2,€8 *42-
2,40 24,8 i,m S'i.60 ,467 
13S7. 5»1S 
.14 45S. t,se 
.ST 1ft* • 8»tS 
•Si lSt*i 
%»mn 87.4 i,ts 
L-,„„ 
f«bl© 8»- KsefetolCRl Imlysis &a4 porosity of pmirla soils* 
iiseliaatml ®B&ly®i«i DICIt ms.m&h SHBliW 
Mr di^ s»istttr® % Q»ai 2*4? 
(^gs&i® wftlrfe»r » f-.ls S.68 g:»8S. 
Cli^ 0*008 «. »- i»fi 51 .t 33.10 
Silt t.ai 6S.3 59.01 
®mh1 w saa 2.43 6.41 
2,0 to 1#0 m» tt 0»60 0.05 .993 
1.0 fco 0.5 sm. m- 11.4 0.12 1,66 
0»S 0.2S Sim, »• ^.8 0.12 2.976 
0*i§ to 0.10 jBjra.. » 0.19 .851 
0*10 "too 0,0S jsta* m 8.90 1,84 .057 
•Warmity. : 
Cyl.,- Itedist,.., Stractsr© •> 48,67 4i*.iS 
Col, •Uailst. • «• 5&..8 48.0S 
Av&oo'irrigntm 
Olsitar'b&d Stm«tur® » 44.1 ma Sf*t 
MRm 11 • iogaritto of tla® X. 1#^ m a 
ftanetioa of .©ApilU^ for mm 
pF©e»ss "bf tb® oolxisri m© tiled • 
Figure 11. 
potsotiftls- than tbst .©l>taia«d by tb# lato«'lri»£gat#-r msthod* 
The psKusa.Mlitf «»f tli« ZAm'' all latisrml Pi«-ld Struotttro 
Soils for lHf« eafillt.ry . as' ohtmlmsA 'bf. fee 
c-olaaa and -eyliBder «atfeftds,, ia aliaost ec-ual* Smmmw&w 
eoliOTi tfaalslss #a« t© wsrk ia pegloiis of ht^er 
tensloa Bimm th^ p©t»iitlml gFftdieat rmj t>e gMatar aad 
tb#i»s is ft© mil at tfm liighsr tanaiaa and of ttis sijpamtes 
t©. X«alc air and smk® mittlow me&sur&m^nts dlfflciilt# 
Msasttremsnts Qt th# p&vmn&hlllty fox* tensions graater tlmn 
©a® %tmQmph.®m eo«l<S b» aad® If thm soil waa aaapltd wlieii 
tfttllibFltiM *8.9 :iftfctsln.©d., aad tli@ eapillapf 
oepr«#poii4i:ag to tbe laolatiai*® coi-itent d©te«in#ci by e©iit:rl» 
AM 
laseussioi 
IMta fr&a. all #f Ma© TOiattiratsd tlm QmpQ.rj vmais ar« 
BmmAr%M@A ,,rajicallj i» Flj^wre M*. Mta p#Fi&ii:iiu£ to fcbs 
s«¥#r'»I el3;a«eterl«-feie». for tii«- tlipe# soils, ar® 
la I'abl# §.« fh# p}:, slcal propertl®® of Hai'sliall • 
aad slielfey Silt Loams mrs slpdlar* Bit elay cont«nts are 
the m-WBrn- bat m slightly M@:.xsr sand eoix'5©ri% aa4 
& oorrsspenciingly -aBmllgr silt eoafc-eat* flsweirtr -aieae 
<Slfr«r©iie©.s sye not iarg» ©noug^i to to# fh# 
porosities Qf tii® Marshall and iiliaiby Silt I^o-ww. are tlie 
8«i© •tmdsr like co-ud tlQ»s.# S:li#lbj is a tll|. ao 1 and Marshall 
is losas '4<iv®lsp8€ -ovei? feill and «a©li art bat# saturatsd.. 
lAclclriaoji Fln« S«ii4 -Ma lio ^efiiiifce afcraetef®* 
fh© .peiiaeftbUity ©f any .soli is dsMndtat lapon tfe« 
mtaber an.fi M t m  ©f fcti® S6.ll aol.stiii'# fl ^ rliich fcpaiiarait 
the wmtmT* Sla® deero&a# In amtttrnted parjaeabtlity of the 
sell witli tlm© taj attriljuted to one or uore'of tih# 
followlngt C.a) coining Qiit of aoluti'on aad .filling, fcb# 
por.«S'| .(b) 0©lloi.dS' iti fell# ,s-oll m&f fc# .{31sp«rsed find 
swmXl, ©r b#.; transported'by-th® soil moigfc'ay#| Ce| 
amy to# deposited froro solution' Qonaatlng th# 'Op«»-
Ing®! Cdl) Si© so'il my to« ^-oapaetad ciuring tlis tlGWt M 
Si® aggi*®gat©g wiiich detBr-niii® tli« soil mtrmctum say Im 
si:Aaii.ip.d» Saltli (S8) in a study of the' formation, of elsy 
paias • fouad ttw "b&m '©©ae^ntraoioa ©f fcli« soil solution tli@ 
Fig# Svffiiaarf of the ©a|A3.1«fy p©teiil;ial 
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-3.0 
Pigiire 12, 
most lapoflbaiit fftdtsr iiifltt#noln,g fclie ©f the 
<sollo,ic^«, ,If th# bmm ®f fch« s®il wmtm wa« 
less tl'imi tli&t mqnlmd fc© fluecmlate tUm '©©lldiia,; th«y 
wars dispersed ard tl3i@r« WAS e©ll«idja3. meTernrnntm, 
iiae® Mtti sells ai»« aearly e&leim baa© 
coaceiitj?afcl«n» of moistura Ould not differ 
greatlyj &ii4^ appargntlf Im not tb# earns# ef th# l&T^m 
tn Fafc© sf ii®cr-saas ia tli« satumtsA p#i*-
meabllity wMeb. mm tmsd tQr tho lft»lMill and StoS'lby Silt 
^bm w!i«n r«itO¥s4 txmm thm flow set#, bad, 
&ojap«.im&le poro-aitiaai -and tit®y w#r» givtm ©oaparaMe 
tiilttal pQmmltlB&rn Bedniii, steering fcli© «liaiig© ia s&twat#d 
pemaabili-fey with flow,,, fo i4 m larg# €8«r-0fta® la psmaaMlifci®.® 
wltli tim# fo.!* a..ll #.ollS/i tti# rat# o-f de.oraita.® 
dlffer«-d for diff@r«iit soilt* H# trnmA tlw 
df tJTit .soil woald b<t rdstox^d, .ta pa^t, if tli® #©11 p®i*eol» 
«t# was giv@a til# ssifia ©.l#ctrloal sonamctivifcy,. mffltag 
amtfisat "soiatloiis,. at tti#. original ##il p®TO6M.t«* iji 
fcbls satttr«t©<l p«.naea':)ility stody tiie sell ,p@i»eol.afc« m.s 
used r-#p«at«41j|, lummm, the p®re#ntag@ cSeeimage af 
a#«&llifef wltls felffl© tm M&mlmll Soil ^r..,s eomparafel# wltb' 
ttiosa of B.o-cfea.ri (3j.«. 
Thm d®e.r«aa«- 1» tb® wltk d#.ei?«a#lng 
eapillaFf psrbea-M*! my la# -'to# -to |a) M» actttal sliftng® 
ia ths p«rai«abilltj of tli# M«di«si wMeli was stiown to 
mmr la tk# safeamtftd ilm ©xporiiteats,, aad |b) to® 
.•49* 
dscreaae ia the sIes of tim aeistuM eoaauoting, films d»® 
to th# ©f Sia. a0ll» Bisr& ti> im n& 
wa.y @f aepamtlag- tli«a® two affscti, nor of oaleiilfttlag how 
mltimw MhQnld ©hang# fer a IxeterOfvane^ag a©ll« 
la soils oonfcalaiag larg® grains o.r g table ag-ragatea^. 
large p®p© openiags exist, fher-efor#,, the pemeabilitj 
thoiild b© l«.rg© for smll empillary tansiona sine® th#. 
fcsns-im -of fcfee 0OII watei* is not gmmt aaom^ ko mmm% tli® 
watw fyem the p&res* Bis aamint aea-captllftJPf water will eh 
is mmm%^ from thd soil depends upon the tension of ths soil 
aoistttpe... Bmmr C2| and Brs,4f4@ld CV) adtemi.ned, th.®- amotrnt 
of wat®2* r@«ov®d tr<m tAi# »®il.for iaflnite fcenaions and 
used this ».tb0d to cliaract-eFtg# tlit »if.0 clistributies of 
tii0 s#il liife®rstie©s« Ba-vsr iS) pl«fct©i pF agatnist aolstur# 
content of tha soil.*. H« fotaad fclmt th® SMOwifc of wat®r 
wit:h.da?it«a 1»twe«a a«i»© teasieu wad, tli© iaflsetloa of ©10 
p .F  •© enrv® app«ar#a  to  be  e los« ly  »»»oe ia . t#4  wi th  t fm 
sfttwi»a.tad p8m«sl>il.it.;j^^ of tlie soil and tti© lowox* th® pF iralu® 
at the infi«:0tioii point tlis ImvgfiT tli# aaturated iJ«.m«-iil3ilitj» 
If a definite inflsetloa poiat ©xisfes on aitlisr « pF «•© 
ctapvs,, or the e.o-i'Wflpondiag curve ^ thsn a larg# cpmatltj 
©f «at©r -will b® wi.thdmwn from tbs -soil fo-p a a-aall eiiang® 
in c-aplllai^- po^fc-satls,!. Wifcli €ofti»ea»lag adistmrt oontsii.t 
fchsr® sliouM he & -cofraspoadia-g cisereasa'tn tlie pspni#ablll%« 
for iilelcina-Gii Fin® .&an.d,. i%3.»#ll (-571 lias Btmwn fcii®!''# ©-xlst# 
ft very definite iafleetloa point afc a capillary po'tsnttal 
Qf •-#S5 X Rlgtt» 10 shows tl»t ttis .x*fc® 5»--' 
©Mas# #f p«»i®ability for idclcirison find Sand mcuT^ la ttds 
a«i^bojtx©#i.» CoFi*©»p©iidi»g t© .a Mrge 'eliaiig®. in capillary 
poteatiAi f©r a Siuall eh.mag«- in ^-oistoi^e eoriteiifc on tji® 
eapif# Ishe-r® i# a saali rats, of cl»mg® ia tlm perinea-:dllty « 
shown da eai*v#« 
Si® hlG^^ initial p«na©&bl3.1tf of Iftraball and tM® 
corrsspondiagly smlXfr- p©,m«ablllty for Shsllsy f©F aataml 
fi#M s feraetaij^ .soils are »ii«wi in. Figur® 6» Hiis arr©®# 
Witt th®. ©bstr^atlons ef auagraw Ct6| who #^s«r-¥ed that 
t4i« infiltrntlon mt© ©f Sitrsbail Sl.l-fe 1«m was 7 tcs 2..0 
ti«#s t&afc of Bhdlhj Silt Loaa# ' ®ii» points to- th® #xlst.-
sae® of aggr«gitt®a of lsi«£,s s1b@ ®f th@ S©13..» Sa# 
dlff#?ette» eould a#f Ij© i», fcfe.# mil itself s£ae« tb.« cils» 
tmrbad stractttf# tests for Mmmhmll atid Shelby o la, graph--
ically r«pp0a#at©.d in FigaF# 10,. mhms the Slielbf flow rat# 
to b# graatsr- than th# 1iap»lml-l la fclie regions of low 
eapillftry ijotsntials,#. lar-g® op#iiiags. In tli© .®-oil ©ap-ty 
saall t».ns-i©iis an,d lau\e onlj tli« sir.all InterstM®® filled-
or partly filled to ooA-tuot the wat#r i:iviag tb® y&tj Im-
porw.alJillti©s for th& larg#y .toMlons as sto-ow* 
Siii«i CS?, S8| 1J.M ddMoriafcrafceci tjiat f or -an iia-al TO£1 
tli#r® sxists a Maaifflfuai- capillar I'ia© imia a -laijatMaa «.apillar|-
Am* ^xirnm e-apillarf ris# is deftns-a a.s the beiflit water 
will rtmaln sttsf«.nd.p i afeov.® tli®. wmto..r table if soli molatnm d#» 
sorption mm,mm Minimm mplH&ry rts« is tbe of 
•*S1* 
s?l®« into dry ##il tmm tb# mt®r 5i® aarima® fia« 
ia d»t@iwl»®4 by tfaft «is# ef tb# s*ll#afc tliro&t ia tli# 
mBs»mhl%gm of lat#Ft1;lc«8 wliile • tii®. alaiaiaia eapillary i»is« 
is <l©t«nai.»«d tM l&pgsst sis® threat« F©i^ tli® fma® 
espillapf p©teatlml e-aiitt® fta vmstmitX^ regi«a# fb« 
ftoa-eapiUary sotl *at#y If brought^ t© any point b^tw©#.!! 
%h» laaximi* an€ miniaoBt poaltions will stay fch«»# For an 
id««l s«fil 'tti# aaoiant cf w&tmr la sell and 
th» p®E»eabilit:y €«p®n4s ©a th# paat th# soil,#. 
.Investigators C®., 34| lm« »xp@i»iiiant«lly «.bem that tbis 
m ©ailed iifsfr@r«ais effeet ig fo«ad Sa »o»&l sells* Si® 
dlffei^aet la Wm imlmtnwe eon taut m.t & given s&pilla'i*y 
fjotantlal, dapendsnt apou tb@ fjast laistery of the s©i,3a "aay 
•explaln tii« Aesjp®as® in ttis maat-amttd, p«i»ait®«'oillty ©a aie 
wetting ctt.i?-v# as eoiamiifea *ith. -ttiafe ©f fcii# a^yiitg emifir©» 
Aft»i* dbi!@pviag til# mi •fb# ®xp«ri»®afcfcllf 
dlffsrenee ia molstaiiP# ©ent^at at Ilk:® c&pillaj^ 
poteafcial la, wt'ctlug aad itrfing eyelss^ «5«pftrla.g 
wi-tti oba@y¥«d decreaa© la tim pemeabiltfcj on tli© w#tfciag 
it i« doubtful if this hysfefssls ©ff#©% t# 
fielttiitly lafg® t© &ee©mt f#r th* fcotiil clsamg# is p®:r-
aiaabilitf f#r tM liti»»liall mad Shtlby Silt aa€ a 
©l«ng® ia th# #oil atrwetey# attst hava te a.ee««at 
tQV pajpt ©f tfe« €e©p®ai«# liys:t®i^s£s ia. 
IM.'GktJ^©a Pia« Sand: •m.f great .-©fipagli to ac-eo«tit fer tfa® 
jsaall d^s'^sas# in p-si'aeatJlllty f#m<i ia tim *#ttiag ew.3?ir» 
as eomparad with tlmt of tti« tirylug owr«» 
Itie -©onoacting or slirin':;ng of the soil daereasea tji® 
sise of th« Iftrg®!* interstless* Bamr aiiows tliat a 
fF Is r@qulm-d to m&eh peiut oa a eoapa^t is#tl 
timn Qn & loos® onfi. B'or p©-^t#atial« lower tliaa thoa«. m-
prs#©nt®-d lay ttie flax p&XwA the w-at®i» contont of tb.© soil 
is lapgef' at a glvdn carillai'y potential for cowp&ct than 
foy loos® soil* Ttmm at lowey p^tsntlals other coa--' 
ditiora boiag ©qml the pemst-billty of thm ccaiapaeted soil 
sbOttlii to© gr«ett«'r than tiafe -of tJae inMS^tsapacted soil fi-nd thm 
deBi^asa in tb® p©s®#sbility emimot be -attributed to tM-s 
L o u^cfcloii. la feM-a i»sspe-ct it i-s later-ssting to not® lib,at 
the mia&tur&md pai*«#a'blllty «f tlie McklBSSa Ptn# Sand for 
Isfgs te-natoiis is aweh gyeatar for -dem# s©ll tbaa, tor soil 
with fell® larger porosity ag Bhown Iti, S*loi2:'«» CIO#' 11 )• 
P<jf. -wndifltiirtoo-d Marshall aad Sheltoy Sell it la slmmi 
thR't -til® damorptloR, JC •«' cmwe may amlyfcleally tot reprdsenfe*-
ed |yj th# «xpi»8s«i©a ^ In K » & ^  4-"b» Siassell 0f} slio««d 
f©r .larshall Silt; Mmm. tlmt pP moimtum coBttot ctipve m&j h». 
BxprBamd pF « 7 ••St© ,0022^®* 
For «od©mt9 eiaaiig0,S' In anlstttre th® last tarsi of th# 
plglat memlMT' has onlj & small sfi/eet., aad tt» way 
lam ropTmsmutQd by fclie flrmt- tw© tems# 
V 
7., -jtL = 
',o ^to 
to ~_jiL -  I o ' ^ ~  
\ .u 
^  a .  { - ' T ^ o r ^ i o  J  
wlaieb m.f be wi«itt#a 
7 -.-^t 6 
/f = - "" ""' 
. Tills ©quation ti»lci« mm.r m&lf m wmry liaiitea rsng®^ bat 
it does glv® -m. aaalyfelesl mpv&mmtmtlmn df th# pemaabilitf 
la t0«s of Wkm aolstare content -of tiie 
••»54» 
MmMT Mmf 
WxmwrouB sx|5®^2':iii«iats limv® p^rtoimmd on diff«-.pQnfc 
«#i2.s- to 4«t®jia£n9 th© rat© at wMcli wett»i' flows mpward trmi 
& wmtm m^lrn* fArlm» mles Jmv@ immn »tafc©4, 
tet m Qomplmte gmmr&l solution i# a©t lca©m# Many 
iiifluetice fcfe# gsi»i»al 'pr^bldrai, aa#ng fell© Bi©r® iiapcsrtaut­
en©# detrnvminiMg th& mt# ©,f Icsss itr@i tbe oorKJaetlvltf 
©f thM soil, fcb# t®aper«feMr«, «a4 'fciie mt@, 
^s:stm® all ract#pa sr® lie 14 ©msteattt #»«pt fcfe# eaplllapy 
potential wi-xc^ vmwlm with. Ai«t®ae« tmm 'tii# wafc«r totols# 
If w® asaum# a st«»€y stat® -tms be««. mmhmdg w@ Biaj 
% S6l¥e this It is ss'«®ssai*y fes Isaew 'the reiatlonsMp 
l>etws®a O ^ mt *H|r, relatlQaaM^ *y !»• dst®?--
mla««l #xpenii@atmlly» fiid con ..-activity data gl¥#n 
Ifar-sfe*il snd Slislfey Silt 'Iieaasii mv® •aaalytieallj'- mprmemtQd 
'©J th# la K « ftifj b ov®r a liiaitetl lanjo of values 
©f tb® Q&plXlLmTf pefceatial ©xteadliig fnm se^r© t# n@ai» fisM 
c&picttf# IJf we expand th© equation and r«a«ii'b#i? fer ¥@r-
tleal flow f « ^ +- 5 ^ V « -fC^j 
*@ »aj writ# 
V '  x v i  = o (t?) 
f ^ y ^ = K Y - Y ^ + '  vA'' (28) 
65-
SmtostltutiBg wm ©btaia 
(.ggj 
Mffereotlafeing lg:ttati©n tB Mn4 stt;bstite-"-xn la liimtS#!! it,, 
fciiar# rdsnlts 
x { 3_yi- +- cL «- 1 = c> 
1'^?" \?1/" ) (50) 
Slae# y depftinas enly ©as, Bt^&tiom 30 -aay b« writtsn in the 
total 'darltimtlve f««.» If m mmUm us® of tii# tranafo-mation 
b = .  < ^ ' f  or = psi£ ^ d\ (S"|\ d f "  d . ^  d f  d ^ 
aad stibstitttt# ia Mqumtt&A- 30,. *® obtain 
aad s-tpayatiiig th® f^riabie# in Iqiiatida 32 and int«g2»ati»g 
i-^C P=• - «.V-7-^ a, or- e.C - e~'^^(5S) 
Substituting for P and @s-pa»t.isg tli@ TSrta..tol®s, w« get: 
c, = dj. (34) 
Intdgratlag 
J- ~ C®S) 
fo evaluat® tlis eonfi^taat®,. th© followlsg •boianamrf conclitioas 
my b€ us3<l 
^ o J =o 
= V, "3 ^ 
E'vaiuattag -and eg mslng Sqixatlos 56 in iQ^iatles uu mid 
aolvlmg 'SimxZtmm&otmly^ wa #bfcaia. 
/' 9 = C €.^'*'^'-1 7 
C , - -
Fig# 13. ThB capillary potential as a function of 
dlsfcanc® froia the water table for stmdy afcate if 
1j3>. JI£ ss m> fei# 
-sea-
Figure 15. 
To illu&tmtm tb# tis© of u& xcu {3S| l®t it M r@-
qulr#d to find -j) Qwm t&v tti® t#-rtloal flew of watof 
ia Shdiby Silt: I^aa wli#fa the wat«r lies ® ea 'ml&w 
fch# sttpfaeejj mad Um capillary pofc«atial at tlae surfftc« is ^ 
•6*S m 10® arga p#r ga?sii» l^kluating a and to la Ituftfeion C2:iJ and 
tisl»g fela# data pr©s©a'fcsd in I i ui# %G, w® fiad .a se l#f6 m 10*®'^,. 
to a -«ia*.04# Substitetlug tli«s« m®®'i*ic&l yalm#« ia Sqwaticm 
{3? I to ©••bta.ln and aiid sttbatittitiiig -Oi anii 
Ifiaatloii |5&), w® ©bfcain 
^ —S' -1 -/iVtx/O^M^ »V / \ ~7 
v~7'n(e -H 
k plot of tills ftqmtion is tliwfti. in Pi^r# IS# 
'^BE -pat# uf <i®0rsaa-# lii tli« «oil iv:olsttir® taiisla'a is verf 
»«ai* til® irarffce® of tli.# soil* kt a, cl#p'fcli 4, .cti. f.I'Sai 
til© fliarfme# fctie eapillarf. 'pO'taatlal i« •2*5 x 10©' or a p®-.!* 
£ya giving m ciimicB "of  x-10® ®,i«gs" i>er th@ top 
4 ea ef tim' -mil* THUS w# see, it M-qtii»s m. v#j*y larg® 
pe-ttnfeial gradl#at' td f#ro« tlis-wkt^r th,® -partislly 
d?y »@il# Bii# i-s i»«tuir«d hmmia^& ©f ttift »aall p^mambill% 
of tfe# parfciallj &f .8©tl» 
WAM.m.1 flow 
'Bi© fl0* ef BiOisfciar® into plant anci variation 
of s«ll ffloitteaj*© OT capillary beasleB wifcli. the diabaac# iTom 
tti® root i» a pr©ol@ii of iaportftne«* it b# to 
calculttli® th@ fl©w of 'w&t&T into a vertical plant root 
m ©f aad als© Wm 'wmi.mtimn. ©f ©a^ 
illai^. as * immtMn ©f 4i#t«ae» tmm Mi# 
©®at#F ®f tli«.' Tmt miiir to fclmt ia K * 
l#t tM following eondlticaisi 
y* # I oo tm VO » •# 
. css> 
Fg :« / :* i<J" g»a, 
ita€ us# „ 
a » 1.16 X »*®' . 
Wffttteg 0f :©oiit,limil;y 
V- X Y4> - <5^ 
«i4 *# ©M*ta 
V  - 7 §  Y J ( - T ^  = ^ o  . 
fesT' ^yllis^rieai. wli#!*# faariatlea mmm «slf 
along saii Is ind®pa»dli(a'fc ©f tta^# m 
^ r 
•luiA ©tmatiem C40| »y "b© written ia ^ ylinttel«l. 
V I -p ifcirll ^ _ If- =^ (p 1411) 
if ^ ^  JL'W-
^ r  '^r-  ^f-
liff#»»fciafclag Btmtl©!! • ft6| ftia4 amfestl'taitlBg in 
^matim {4^1,. it# obtals 
^ 4-j^ +"^ o 
r m) 
Ustog tl»' t»agf©i^.ti«i y 
e e-
Si»©# @aly ©a r# ^anilea 44 a*f h® in?it'fe«a .Jji tli# 
mUl €#fimti» fo«m.» If *»• :»&# ms® ©f tM %r«asforr»tloii 
r d© dV ci©»^ 
wad M 44^^ ws- '©^tsia 
' p { 4 i }  
7^e,'p= -cL<f (4?) 
Subt-titutlng f03? f 
c, =-a^ (48) 
^aad iafe@gmtiag, msmlts 
c,,^ _ «. C4t| 
?© @2^ Myi. siibsfeltiat# I4i® hmmM.Wf e0n4itl©ia 
hf ltm:t;i©m |5#| i» (4S) and r»«mlts 
^ _ C?.^x/0 ' 
Sufestltatiag #2. %. ^ f4t|, 'W fimlly ©fetais 
e'^'''= ^ ^s^Xio*y~^ (§1) 
fo ©fetMa ttot« #f flw 1st® p®i? «#aoirf. 
^ ^iiT 
^ JCY^ r-de- C®) 
t «r 
F#3^ Sfttlftl JS.»w it«, mttm€ 
V$ = (88) 
3tttesti,-tefelag ^ ia ^mtioii Si,, th&m 
- X l f  
•*$0* 
f© ^ {49} O r 
e'-^a « = (55) 
Im Equation .(641 
n f  K d& (§€I t Jo ^e«.v 
am& jb 
Q <3^«c.e K ^ a < f i - b  t & * f \  
iaM%iittfc£a§ tte® mlites' #f a mnA la a^¥# wm 
^3 7 8 Kio~'* cc/sec/ 
•f 
Of .«.ii^»#,- tM« «lm«: is wmllm tls«a W0»M aetimllr 
fl«r #ine® tb« does not a«'6»its® sftsr tti« cwv® 
i^aeto# fi.#id ©it^ity m rapidly a.# w*» &ssia»€« 
f# plot vi/K #i3arf# tm- ».d£&l flew, nm Itnatitfa 111)-* 
a.® f*lia#« m' #fefeaia.«4 »•' .graphically presented ia Hpii*# 1## 
I#t T4S &ls® ^feadu# til# V r' «m«r« foi* mdlftl flew . 
msiag wA&tlm 
'-*•>-* 0B) 
f^iKid hf li©lmi»ds pS| twp #ir©»vlll« l®®®# 
Diffei^iitiafcliig %»stion. |S8) syad smbstltmfeisg ia 
lit.!, m -©fe-'teim fSt) 
Jf 25* J- i 1-5 -H 
Smbstitat,i»g ^mtlea (45) wikiag fclis 
*t g®t + X j ^ ^ C«o) 
2iit#gi»atiGg 
l ^ r  =  ~  7 ^ / C + •  o r -  fil) 
•fyai. iato^p&tlag &,^ia aft» StttJi-ti-femtlag. |4§|., *® 
a : ^ _  
Amvmm thm bottnoaFjr 
r7^ loo c = A 
- Z . S T M O  ^  r ^ -  I d -=- t'^io ^ '® " 
fl»» *« aa.y «¥»ltiat« -iij mad -aBd pls-eisg fcli#s® wtoe« la 
SqaatlOB CSt)..»_ 
" (<^4) 
.A 5l«fc of -fch# V r~mrvm be-bmm&n eapillary p©t»ntial« 
X 10^ aad 0.j^ is. pi^'-'aented la 14» Bie «iipiila,fy 
pot«istiftl ^mm tmt ffo rapidly as in ttj# pp«ee#ding 
oase, Imfe i» l&r» fei* tfm S'P&e® ii©ay the- i^ot#: 
Obtain til® «ts af inflow m mam l^uatton {St) ^ 
Q ^ r" 
Dlff^rsnttate I mfcien (6S)fo3? aabstitet# tfela mlu# 
J.u Squntlo.u (65) and lafcsgrat#. There results 
^  m m  K t o - ^  
a, 
S#t«i«.ted laiial Flow E is cmstaafe* 1li@ solution is 
glvan foy th® #as© In Sscfcion S 'toy S^mtlon Cii|« If «® 
mmmma^ tlt« boundary cojidlti#aS »tafc®,4 In. S^ms ti^a 09} p 
W9 mt&tn ^ 
^ (6-?) 
Sie aoG-v© mqm.Attom. im gmphieall ytprs-ssat#^ la Fi,2:ui:»s 14* 
lb# rat# sf ikjri0w p#r -eia of lengtii tliis ems# is XmM x 10*^' 
m p«r s®§* 
A  s t e f l f  © f  f i  i r e  M  a l i * s  t l * t  f o r  t l i «  e a s ®  l a  £ . » « ' + ' • #  b  
tbs-irop in eftpllla:^f teasloa eoaes mlaiost esitii»#ly io tli® 
Pig^re 14. 
. ftrsfc iMG ©n tr&m tli« mdial 0«11 wall-, and th# diatmac© ©f 
fc^e  »a t« . r a f c#d  from r a  I nnap  wa l l  I s  m% m mry 
Imp&rtmtrn The V" -mrw® f©F th,® mnmlytlml mxprBSmion 
K «, eV>'4' 4 aiiows tiiat tM art^8 rmte ef chari^s mmr fch# 
im#i» 0mtmln&w is not »e lai»g«., f«t '^'5^ tha in 
capillary teasi-en mmnm is tlm first 1/lQ mdlal dlstane## 
Fof tli« OTi«r# Asi*« K eq«al» tli« eoastttnt,, tb© spues »t# 
et eJiaag# la still slow#r t»t sttll S0$ ©f Vb& drop la cap* 
illayy tdMi'da mm.rm ia feiw ftrst l/lO ef tha dlstanc© fTOia. 
tti® 1*©#% fe© tlie 
CONCLUGIGJJiJ 
!.• til# «at®r sa tor a ted of feFgimll 
ttM Simlhj Silt jMmms ii®e»a»sfi pmgmBaimlj witfe thm 
#oiitlm:ious pweolat-ion cf water* 
S« Si# rm.M» #f aecre&8@ ©f mtor SAtum-trnd pmr-
m&ub±M%f 1# iMsii g»ater f®i* Marihall tlisa Sli@iby Silt 
S* 5iiiafemy*t#4 ptmaaMllty is & mmximum &t ftT 
Bmm ea.piliayf potential* Th# ptratabillfcy tmy 
inerease tTQm mim «apillat*y potsntlal t© a ea^Jllarj 
potastial cjf about -•SssiO® ©rg® pef gi»aa* 
4:* Si# p®'rmaft"blllty clecrs&sos mplcily t&r empll-
potentials lo*«i» isfaaii approxiaately -.SxlO-^ #i*gt 
psr gmii-# 
S.« - Ifti# iCc^ 408orDtl©ii enmm f&jp •clistoi»b6d stnactuM 
foi* larshell and S-belby Silt l^mm mmj bs attalytieally 
© x p r o s s e d  I f f  
In X « m y • %• 
a rsri^d of e«pilla?y pot#titl:&ls fron -0 t® 
#rgs p®]? ^'«a* 
Qm A r#<iii«fci©ii ©f tliffl p0r«altf of M^kiason Ftn®-
Saftfi produces, an. iiie.i?«as« M tb® msa vi&ted 
ia til® rang© o.f #apilla2?y pot»iitlal« ««SxlO^ ®rgs 
•p®p gma to «rg,s per 
7» At «qmal ©aplllgyri- potentlala tla« des-oyp-ion 
p®ra«abilitf almys mxmmua th© sopjptitm p#raeab£lity» 
Foi^ stad Shel'toy Silt Loams. t}h.t.s cbMig# in 
p®jsiaablli ty spp«ar« to "b® larger tkaa to® atfcrl'bmfcsd 
to hystai^sls #ff»ots* „ 
8» Thm unsatmratdd psmtsblllty of distiirl>«4 
ioil waa not po8ltlv«ly e©»'«lat©d with its parasabllltf 
In th® aatural fiaM stats-#: larelMll Silt l£>a»' has a 
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